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Summary 
In pot and field experiments the effects of a novel fungicidal seed 
treatment Latitude® (silthiofam or Mon65500; N-allyl-4,5-di-
methyl-2-trimethylsilylthiophene-3-carboxamide) - on fluores-
cent pseudomonads and the efficacy against take-all was studied. 
The product showed no negative effects on the number of fluo-
rescent Pseudomonas spp. colonies in the rhizosphere of spring 
wheat cv. 'Nandu' and winter wheat cv. 'Toronto' compared to 
control plants growing from untreated seeds.Latitude signifi-
cantly reduced the development of take-all, caused by Gaeu-
mannomyces graminis var. tritici (Ggt), in both pot and field ex-
periments 20 to 30 days after sowing. Also at later growth stages 
the seed treatment still delayed the progress of take-all severity 
compared to control plants. A significant yield benefit was ob-
tained in plots where Latitude was applied. This was partly due 
to enhanced 1000 grain weights. The fungicide improved root 
health also in plants cultivated in soils without artificial Ggt in-
oculum. 
In field trials with naturally Ggt-infested soil, Latitude® seed 
~reatment reduced the development of take-all during the grow-
mg season. At growth stage 65 the disease index was signifi-
cantly lower compared to untreated control plants. Disease re-
duction led again to higher grain yields due to higher 1000 grain 
weight. In addition, Latitude® showed high crop safety even at 
application rates 8 times higher than recommended. The com-
pound displayed no detrimental effects on emergence, plant 
stands and crop vigor. 
Latitude® showed a high compatibility when mixed with other 
fungicides (e.g. Arena C® and Abavit UF®) or insecticides (e.g. 
Decis® and Fastac SC®). 
Key words: Silthiofam, Mon65500; Latitude®, Gaeumanno-
myces graminis var. tritici, take-all, fluorescent pseudomonads, 
wheat 
Zusammenfassung 
S~at~utbehandlungen mit dem neuen Fungizid Latitude® 
(s1lt~10fam, Mon65500; N-Allyl-4,5-dimethyl-2-trimethyl-si-
lylth10phen-3-carboxamid) wurden hinsichtlich des Einflusses 
auf die Besiedlung der Wurzeln von Weizenpflanzen durch flu-
oreszierende Pseudomonaden und der Wirksamkeit gegenüber 
der Schwarzbeinigkeit sowohl in Gefäß- als auch Feldversuchen 
untersucht. Saatgutbehandlungen mit Latitude® hatten keinen ne-
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gativen Einfluss auf die Zahl von fluoreszierenden Pseudomona-
den in der Rhizosphäre bei der Sommerweizensorte 'Nandu' und 
der Winterweizensorte 'Toronto' im Vergleich zu den Wurzeln 
unbehandelter Pflanzen. Eine Saatgutbehandlung mit Latitude® 
verringerte jedoch signifikant die Entwicklung der Schwarzbei-
nigkeit, verursacht durch Gaeumannomyces graminis var. tritici 
(Ggt), an Wurzeln der Weizenpflanzen in Topf- und Feldversu-
chen 20 bis 30 Tage nach Aussaat und auch in späteren Entwick-
lungsstadien in Ggt-inokulierten Böden. Die stark verringerte 
Krankheitsentwicklung durch die Saatgutbehandlung mit Lati-
tude® resultierte in erhöhten Kornerträgen, zurückzuführen auf 
zum Teil höhere Tausendkomgewichte. Auch bei Pflanzen, die in 
Böden ohne künstliches Ggt-Inokulum kultiviert wurden, för-
derte die Saatgutbehandlung mit dem Fungizid die Wurzelge-
sundheit. In einem Feldversuch auf einem natürlich mit Ggt ver-
seuchten Standort verringerte Latitude® die Entwicklung des 
Schwarzbeinigkeitsbefalls während der Vegetationsperiode. 
Im Entwicklungsstadium 65 war der Krankheitsindex im Ver-
gleich zu dem der nicht behandelten Pflanzen signifikant redu-
ziert. Die Verminderung des Krankheitsbefalls führte zu höheren 
Kornerträgen, die auf höheren Tausendkomgewichten beruhten. 
Außerdem zeichnet sich Latitude® durch eine hohe Pflanzenver-
träglichkeit aus; auch bei Sfach höheren Konzentrationen als der 
empfohlenen Saatgutbehandlungsmenge hatte die Verbindung 
keine nachteiligen Effekte auf die Auflaufrate, Bestandesdichte 
und Vitalität der Kulturen. 
Latitude® wies bei Saatgutbehandlung auch eine hohe Kom-
patibilität und Kulturpflanzenverträglichkeit mit anderen Fungi-
ziden (z. B. Arena C® und Abavit UF®) oder Insektiziden (z.B. 
Decis® und Fastac SC®) auf. 
Stichwörter: Silthiofam, Mon65500, Latitude®, Gaeuman-
nomyces graminis var. tritici, Schwarzbeinigkeit, fluoreszie-
rende Pseudomonaden, Weizen 
1 lntroduction 
Take-all, caused by Gaeumannomyces graminis (Sacc.) von Arx 
& Olivier var. tritici Walker (Ggt), is one of the most economi-
cally important crown and root diseases of wheat worldwide 
(ASHER and SHIPTON, 1981).Take-all decline (TAD), a natural 
form of biological control of take-all, is based on the prolifera-
tion of antagonistic microorganisms, especially of Pseudomonas 
spp. and Phialophora spp„ in the rhizosphere following wheat 
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monoculture. The mechanisms of TAD are still not fully under-
stood and are based on a complex of interactions among soil type 
and soil conditions, weather conditions, susceptible cereals, soil 
microorganisms and the pathogen (HORNBY, 1998). The phe-
nomenon ofTAD has stimulated biological control of take-all by 
antagonistic microorganisms. Although biological control of 
take-all has been intensively investigated because of the lack of 
economically viable alternative control measures (ASHER and 
SHIPTON, 1981), only few biocontrol agents have been commer-
cialized. A major limitation of biological control has been the in-
sufficiency of consistent disease control in the field. 
On the other hand, .many studies have been carried out to de-
velop effective and practical chemical control measures 
(BALLINGER and KOLLMORGEN, 1986; BATEMAN and NICHOLLS, 
1982; ßOCKUS, 1983; DOLEZAL and JONES, 1981 ; HALSEY and 
POWELSON, 1983; MATHRE et al.,1986). P!ERSON and WELLER 
( 1994) reported that in Ggt infested soil the combination of 
chemicaltreatment of Baytan® plus Apron® significantly in-
creased the number of wheat heads and grain yield by 16,5 % and 
45,6 %, respectively, compared to nontreated control plants. The 
effects of the combined treatments were much high er than that of 
the individual fungicide treatments. The use of fungicides cou-
pled with biological control techniques may result in additive ef-
fects, thus increasing the value of the single control measures 
(MATHRE et al., 1986). However, the fungicides that have been 
tested for take-all control up to now, perform inconsistently in 
some soils (DUFFY and W ELLER, 1995). 
The compound silthiofam (Mon65500) marketed under the 
tradename Latitude® is a novel take-all controlling fungicide de-
veloped by Monsanto Company. The chemical represents a new 
dass of fungicide, the hindered silyl amides (HSA). MIELKE 
( 1997, 1998) as weil as BECKER and HEPPNER ( 1998) showed that 
silthiofam significantly controlled take-all disease and increased 
yield in field trials with and without Ggt inoculum added com-
pared to the untreated control. Preliminary studies with silthio-
fam showed that this fungicide had no detrimental effects on ben-
eficial fungi and Pseudomonas fluorescens-isolates in the soil 
and rhizosphere (HEPPNER et al.,1999). 
The objectives of this work were (i) to investigate the effi-
cacy of Latitude® seed treatments against take-all in spring 
and winter wheat, (ii) its effect on the population of fluores-
cent pseudomonads and (iii) the effect of Latitude® in combi-
nation with other fungicides or insecticides against take-all of 
winter wheat. 
2 Materials and methods 
2. 1 Chemicals 
The compound silthiofam (N-allyl-4,5-dimethyl-2-trimethyl 
silylthiophene-3-carboxamide, marketed under the tradename 
Latitude®) has been developed by Monsanto Company as a novel 
take-all controlling fungicide following seed treatment of wheat. 
Latitude® (silthiofam 125 g a.i./l) was used for seed treatrnent at 
200ml/100 kg seed, if not otherwise stated. The fungicides Arena 
C® (fludioxinil 25.04 g/l and tebuconazol 5.03 g/l) and Abavit 
UF® (carboxin 400 g/l and prochloraz 80 g/l) were applied at 
rates of 200 ml and 250ml/100 kg seed, respectively. The insec-
ticides Decis® (deltamethrin 25 g/l) and Fastac SC® (alpha-cyper-
methrin 100 g/l) were used at amounts of 300 ml and 100 ml/ 
100 kg seed, respectively. 
2.2 Cu/ture and preparation of inoculum of Gaeumanno-
myces graminis var. tritici 
A virulent isolate of Gaeu111wi11omyces gra111i11is (Sacc.) von 
Arx & Olivier var. tritici Walker (Ggt), 95-1 -3, was obtained 
from the culture collection of the Institute of Phytomedicine, 
University Hohenheim, Germany. The pathogen was grown on 
biomalt (BM) agar plates (biomalt 30 g and agar 14 g in 11 
dest. water) at 25 °C for 7 days and thereafter stored at 4 °C. 
For the preparation of Ggt inoculum, oat kemels (200 g) pre-
viously soaked in water (200 ml) for 24 h were autoclaved 
three times in 11 bottles (the openings plugged with cotton) at 
121 °C for 60 min on three consecutive days (CHARIGKA-
PAKORN and SIVASITHAMPARAM, 1987). One petri dish culture 
(9 cm diameter) of Ggt on BM agar was chopped into small 
squares and mixed with 200 g autoclaved oat kemels. The ker-
nels were incubated for 3-4 weeks at room temperature 
(21-23°C). The colonized oat kemels were air dried and 
stored a:t 4 °C until used for artificial inoculation of soil for 
both pot and field experiments (WELLER and CooK, 1983). 
2.3 Outdoor pot trials with spring wheat cv. 'Nandu' 
Experiments in pots were performed in 1998 and 1999. Ten litre 
of sieved soil (sand:loam mixture, 1: l (v/v)) were filled into each 
pot ( l 2 !). Inoculum of Ggt ( 10 g/pot) was distributed evenly on 
the soil surface, and 20 wheat seeds treated with Latitude® or un-
treated were evenly distributed over the soil surface of each pot. 
Afterwards the seeds were covered with a 3 cm layer of soil and 
the pots were kept outdoor randomized. The plants were fertil-
ized with 100 ml/pot of l % „Wuxal" (8 % N + 8 % P + 6 % K) 
weekly from 30 days after sowing until flowering and additional 
water was applied when needed. Each treatment included 8 pots 
(4 pots for sampling, 4 pots for yield determination). For the de-
tection of Pseudomonas fluorescens (Psf) in the rhizosphere of 
wheat roots 5 plants from each replicate pot were randomly sam-
pled at growth Stages (GS) 12 and 32 (ZADOCKS et al., 1974), 20 
and 55 days after sowing, respectively. At GS 65 (70 days after 
sowing), all remaining plants (9-10) from each replicate pot 
were sampled and the soil of the roots was washed off for disease 
assessment. The grain yields were de termined at GS 99 from 
plants of the 4 remaining replicate pots. 
2.4 Field trial with spring wheat cv. 'Nandu' 
In 1998 and 1999, field experiments were carried out at the 
Karlshof Research Station of the University Hohenheim, Ger-
many. The trials were performed in loamy soil and consisted of 
2 blocks (one block for sampling roots and another one for grain 
yield determination). The treatments were randomly designed 
and replicated 4 times in each block. Each replicate ( 1 m2) con-
sisted of five l-m rows. Seed furrows were prepared about 4 cm 
deep by a cultivator. Inoculum of Ggt (10 g/row) was added to 
each furrow and wheat seeds treated with Latitude® or untreated 
were handsown at 4 g per 1-m row on April 6, 1998 and 1999. At 
GS 13 and 32 (20 and 60 days after sowing, respectively), 15 
plants with the whole root system per plot were dug out at 5 
sites from the centre rows to determ.ine the numbers of fluores-
cent pseudompnads in the rhizosphere of wheat plants. At 40 and 
90 days after sowing (GS 25 and GS 69, respectively), 25 plants 
were sampled at 5 locations from the centre rows of each plot and 
the roots were washed free of soil for disease assessment. From 
the other block the grain yields of the different variants were de-
termined at GS 99. 
2.5 Field trial with winter wheat cv. 'Toronto' 
The field experiment was performed in a commercial farmland 
in Dietingen (near Rottweil, Germany) in 199811999. The pre-
ceding crop was winter wheat and seeds treated with Latitude® 
and other chemicals were drilled in soil with minimum tillage at 
Sept. 24, 1998. The treatments (Table 5 and 6) were randomly de-
signed and replicated 4 times with double plots. Four plots were 
Nachrichtenbl. Deut. Pflanzenschutzd. 53. 2001 
Liu HuANG u. a., Effects of seed treatments with a novel fungicide Latitude 167 
used to sample wheat plants and the other four plots to determine 
yield. Each plot had the size of 20 m2 (2mx10 m). Fertilizers 
were applied in 1999 at March 6 (90 kg N and 80 kg P ha·1) and 
April 28 (40 kg N and 20 kg S ha·1) and May 25 (80 kg N ha·1). 
Weeds were controlled on April 6 (25 g Monitor - FHS + 0.2 
Topic + 1.0 1 oil ha·1) and on April 29 the herbicide (2.5 1 
Basagran IP ha· 1) and the growth regulator (0.4 1 Moddus ha· 1) 
were applied. Fungicides were sprayed at May 17 (0.3 1 Juwel 
Top+ 0.5 1 Unix ha·1), May 25 (0.5 1 Juwel Top ha·1) and June 7 
(0.51 Juwel Top ha-1). At June 21(GS65), 25 plants were dug out 
from 5 randomly selected positions in each plot and the roots 
were washed for assessment of incidence and severity of take-all. 
Grain yields of the plants in the different treatments were deter-
mined at maturity. 
2.6 Isolation and quantification of Pseudomonas 
f/uorescens 
For determining the populations of fluorescent pseudomonads in 
the wheat rhizosphere, plants were sampled from both field sites 
(Karlshof and Dietingen) and pots as described before (2.4, 2.5 
and 2.3). Loosely adhering soil was removed from the roots by 
vigorously shaking the plants. Roots with tightly adhering soil 
from all sampled plants of each replicate were pooled, washed in 
100 ml sterile water for 30 min on a rotary shaker at 300 rpm and 
a series of dilutions was prepared. Aliquots of 100 ~tl of each di-
lution (l0-4-lQ-7) of the washings were plated on the selective 
medium (K2HP04, 6 g; KH2P04, 3 g; (NH4) 2S04, 1 g; MgS04, 0.2 
g; succinic acid, 4.0 g; agar,16 g in 11 water, pH 7.0) for detec-
tion of fluorescent pseudomonads. Colonies in 3 replicated 
plates per dilution were counted under UV light (365 nm) 48 h 
after incubation at 25 °C. The populations of fluorescent 
pseudomonads were estimated from dilution plates with densi-
ties ranging from 5-150 colonies per plate. The bacterial popu-
lation data were transformed to log cfu (Colony Forming Units) 
and expressed per gram root dry weight before statistical analy-
sis (LOPER et al., 1984). 
2. 7 Disease assessment 
The root samples of wheat were washed and evaluated for inci-
dence and severity of take-all. Each plant was assigned to one of 
the five disease severity classes corresponding to the percentage 
root area affected by Ggt. Class 0 = 0 % , class 1 = 1-10 %, class 
2 = 11-30 %, class 3 = 31-60%, class 4 = 61-100 %. The disease 
index and severity of disease were calculated with the formula 
described by SARNIGNET et al. (1992): 
Disease index: 
4 4 
DI = I (ni x i) x I (nJ1 
i=O i=O 
Calculated disease index values range from 0 ( = no disease) to 
100 (highest disease level). 
Severity index: 
4 4 
SI = I (ni xi) x I (nJ 1 
i=I i=l 
(i = severity class and ni = number of plants assigned to the class 
i) 
The incidence of take-all was calculated with the formula: 
Incidence of take-all in % = Number of plants with take-all x 100 Number of plants assessed 
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2.8 Statisticalanalysis 
All the calculated means were compared for significance using 
General Linear Models Procedures of SAS system (version 6.12) 
(Tukey's Student-Test). 
3 Results 
3. 1 Effect of Latitude® an fluorescent pseudomonads 
population in the rhizosphere of spring wheat in pot and 
field experiments 
The effects of seed treatments with Latitude® on population of 
fluorescent pseudomonads in the rhizosphere of wheat plants 
(cv. 'Nandu') cultivated in pots andin the field (1999) are demon-
strated in Table 1. In the pot ttial, 20 days after sowing (GS 12), 
seed treatment with Latitude® did not affect colonization of roots 
with fluorescent pseudomonads compared to roots of plants 
growing from untreated seeds. Supplementing of Ggt inoculum 
to the soil did not affect the population number of fluorescent 
pseudomonads in the rhizosphere of plants compared to non-in-
oculated soil. The same observations were made at a later growth 
stage (32 and 55 days after sowing). 
Table 1. Effects of seed treatment with Latitude® on population 
numbers of fluorescent pseudomonads in the rhizosphere of 
spring wheat cv. 'Nandu' grown in soil with and without artificial 
inoculum of Gaeumannomyces graminis var. tritici (Ggt); pot and 
field experiments in 1999. 
Tab. 1. Einfluss der Saatgutbehandlung mit Latitude® auf die Po-
pulationszahl fluoreszierender Pseudomonaden in der Rhizo-
sphäre der Sommerweizensorte 'Nandu' kultiviert in Boden mit 
und ohne Ggt-lnokulumzugabe; Gefäß- und Feldversuche 1999. 
log CFU/g of dry root detected from 
Treatment Pot experiment Field experiment 
Days alter sowing Days alter sowing 
20 55 20 60 
without Gä 
Untreated 9.20 7.80 8.41 7.36 
Latitude® 9.20 8.07 8.21 7.32 
with Ggt inoculum 
Untreated 9.44 7.77 7.96 7.50 
Latitude® 9.52 8.03 8.32 7.35 
LSD (p = 0.05) 0.55 0.61 0.77 0.80 
In the 1999 field trial, at 20 days after sowing, the rhizosphere 
population of fluorescent pseudomonads of wheat plants for both 
treatments were in general somewhat lower compared to those 
from the pot experiment (Table 1 ). However, again no significant 
differences in the number of fluorescent pseudomonads were de-
tected in both treatments (untreated and treated). Also at later 
evaluation times, e.g. 60 days after sowing, seed treatment with 
Latitude® did not significantly affect the number of fluorescent 
pseudomonads in the rhizosphere. The results obtained from the 
pot and field experiments in 1998 also confirmed that seed treat-
ment with Latitude® did not affect colonization of fluorescent 
pseudomonads in the rhizosphere of spring wheat cv. 'Nandu' 
(data not shown). 
3.2 Efficacy of Latitude® against take-all in pot experi-
ments with spring wheat 
Disease symptoms were first assessed 20 days after sowing (GS 
12). Disease incidence of the untreated control plants was 90 %, 
the take-all severity was 2.0. At 30 days after sowing, the disease 
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incidence of untreated plants had reached 100 % and disease 
severity increased to 2.20. On the other hand, seed treatment with 
Latitude® protected roots against take-all at two assessment 
times . Diseased roots were also observed in Latitude® seed 
treated plants 55 days after sowing (GS 32), however, disease 
severity was still very low. 
The results indicated that treatments with Latitude® delayed 
symptom onset in this pot experiment by about 35 days. 
Disease in the roots of this trial was also evaluated at 70 days 
after sowing (GS65) (Table 2). In control soil to which no Ggt in-
oculum was added, roots of the untreated plants showed disease 
incidence, disease severity and disease index of74.6 %, 1.04 and 
0.79, respectively. Latitude® seed treatment resulted in dimin-
ished disease values, which were not significantly different from 
the control. ln pots with artific ial Ggt inoculum disease i.ncidence 
was lower but not si.gnificantly in plant roots from Latitude® 
treated seeds compared to untreated control plants. However, dis-
ease severity of Latitude® treated plants ( l.04) was significantly 
(p=0.05) lower compared to untreated control plants (3. 12). 
Also, at this late assessment time (70 days after sowing} the dis-
ease index of take-all in Latitude® treated plants was markedly 
reduced compared to that of the control plants. 
Table 2. Effects of seed treatment with Latitude® on take-all (at GS 
65) as weit as on grain yield and 1000-grain weight (TGW) of 
spring wheat cv. 'Nandu' grown in soil with and without artificial 
Ggt inoculum; pot experiment in 1999. 
Tab. 2. Einfluss der Saatgutbehandlung mit Latitude® auf den Be-
fall der Schwarzbeinigkeit (im Stadium GS 65) sowie auf Korn-
ertrag und Tausendkorngewicht der Sommerweizensorte 
'Nandu', angezogen in Boden mit und ohne Ggt-lnokulumzu· 
gabe; Gefäßversuch 1999. 
Disease Severity Disease Grain 
Treatment incidence index index yield 
(%) (g/pot) 
without Ggt inoculum 
Untreated 74.6 1.04 0.79 27.3 
Latitude® 46.9 1.00 0.47 26.1 
with Ggt inoculum 
Untreated 100.0 3.12 3. 12 18.4 
Latitude® 73.6 1.04 0.77 24.7 
LSD 42.82 0.39 0.62 6.01 
(p=0.05) 
TGW 
(g) 
38.0 
36.6 
30.7 
32.8 
5.14 
Shoot-
height 
(cm) 
80.5 
82.3 
71 .8 
80.8 
10.63 
In soils without Ggt inoculum no significant differences in 
yield, 1000-grain weight and shoot height were found between 
untreated and treated seeds. The yield of un treated control plants 
growing in soil not infested with Ggt was 48 % higher than the 
yield of plants cultivated in Ggt inoculated soil. In pots with ar-
tificial inoculum Latitude® treated seeds resulted in a 34 % yield 
increase compared to the untreated control plants. The differences 
in yield of both treatrnents were significant (p = 0.05) . The Lati-
tude® treatment also enhanced, but not significantly, TGW and 
shoot length compared to the untreated control plants (Table 2). 
The 1998 pot experiments showed similar results. A marked 
lower disease incidence and di sease index were assessed in roots 
of plants cultivated in soi l to which no Ggt inoculum was added. 
In soil with artificial Ggt inoculum, roots of untreated control 
plants showed disease symptoms already 10 days after sowing. 
Seed treatment with Latitude® delayed the onset of disease 
symptoms until approximately 30 days after sowing. At flower-
ing stage (GS65), the disease index of the untreated control 
plants increased to 3.7, while disease index of plants treated by 
seed treatment with Latimde® was 1.0. At harvest (GS 89-92), the 
Table 3. Effects of seed treatment with Latitude® on take-all dis· 
ease (GS 89-92), grain yield and 1000-grain weight (TGW) of 
spring wheat cv. 'Nandu' cultivated in pots in 1998 
Tab. 3. Wirkung der Saatgutbehandlung mit Latitude® auf Befall 
der Schwarzbeinigkeit (GS 89-92), Kornertrag und Tausendkorn-
gewicht der Sommerweizensorte 'Nandu '; Gefäßversuch 1998. 
Disease Disease Grain yield TGW 
Treatment index incidence (g/pot) (g) 
(%) 
without Ggt inoculum 
Untreated 0.38 32.9 24.4 36.8 
Latitude® 0.27 12.3 25.0 38.8 
with Ggt inoculum 
Untreated 3.93 100.0 14.8 23.9 
Latitude® 1.86 76.6 25.8 36.0 
LSD 0.76 37.03 8.11 8.15 
(p=0.05) 
disease index of roots of the Latitude® treatment was signifi-
cantly lower (1.86) compared to that of the control (3.93) (Table 
3). 
Again, Latitude® seed treatment tended to exert a beneficial ef-
fect on root health. Disease severity of take-all in untreated con-
trol plants grown in soil w.ith Ggt inoculum significantly de-
creased grain yield by 39 % (14.8 g/pot) compared to untreated 
control plants grown in soil without Ggt inoculum (24.4 g/pot). 
The application of Latitude® seed treatment in soil. with Ggt in-
oculum increased significantly yield by 74 % (25.8 g/pot) com-
pared to the untreated variant ( 14.8 g/pot). The 1000-grain 
weight also was found significantly higher in the Latitude® treat-
ment (Table 3). 
3.3 Efficacy of Latitude® against take-al/ in field trials 
Soil witlwut artificial Ggt inoculum. In the field trial of 1999 at 
the Experimental Research Station Karlshof, disease symptoms 
on roots were markedly lower compared to the soil with artificial 
Ggt inoculum. Roots of Latitude® seed treated plants showed 
lower but not significantly different disease values at both eval-
uation times than untreated plants (Table 4 ). 
Soil i1!fested with artificial Ggt inoculum. In field plots with 
artificial Ggt inoculum, diseased roots were observed in un-
treated control plots 20 days after sowing. At this stage, plants 
developed from seeds treated with Latitude®did not show any 
Table 4. Effects of seed treatment with Latitude® on take-all 
disease, grain yield and 1000-grain weight (TGW) of spring wheat 
cv. 'Nandu' in a field trial (Karlshof, Germany) in 1999. 
Tab. 4. Wirkung der Saatgutbehandlung mit Lalitude® auf 
Schwarzbeinigkeitsbefall, Kornertrag und Tausendkorngewicht 
der Sommerweizensorte 'Nandu' im Feldversuch (Karlshof, 
Deutschland) 1999. 
Disease Severity 
Treatment index index 
Growth 25 69 25 69 
stage 
Soil without Ggt inoculum 
Control 0.09 1.69 1.00 1.78 
Latitude® 0.03 0.94 0.50 1.24 
Soil infested with Ggt inöculum 
Control 0.83 2.58 1.32 2.58 
Latitude® 0.23 0.91 1.00 1.27 
LSD 0.51 0.85 0.67 0.74 
(p =0.05) 
Disease Grain TGW 
incidence yield (g) 
(%) (g/plot) 
25 69 
8.5 95.0 512.70 35.30 
3.1 74.7 577.88 37 .80 
62.7 100.0 474.28 35.10 
24.3 70.5 553.28 36.93 
24.10 24.42 241.53 2.59 
Nachrichtenbl. Deut. Pflanzenschutzd. 53. 2001 
Liu HuANG u. a., Effects of seed treatments with a novel fungicide Latitude 169 
disease symptoms. Forty days after sowing (GS 25), plants sam-
pled from the untreated control plots showed already a disease 
incidence of 62.7 %, and a disease severity of 1.32, resulting in a 
disease index of 0.83 (Table 4 ). At GS 69 (90 days after sowing) 
disease progression was found in the untreated control plots re-
sulting in incidence of take-all, disease severity as weil as disease 
index of 100%, 2.58 and 2.58, respectively. Also at this late de-
velopmental stage, Latitude® seed treatment significantly 
(p = 0.05) decreased all three disease parameters (Table 4 ). 
In the field trial carried out in 1998 with spring wheat cv. 
'Nandu' at the Experimental Research Station Karlshof similar 
results were obtained as in l 999. Seed treatment with Latitude® 
delayed disease onset by about 30 until 50 days. At the end of the 
flowe1ing stage (GS 69), disease index of the roots of the un-
treated control was 2.33, whereas the value in the Latitude® 
treatment was 0.89 (data not shown in a table). 
3.4 Efficacy of Latitude® combined with other fungicides 
or insecticides against take-al/ in field trials 
The field trial was performecl with the winter wheat cv. 'Toronto' 
on a private form at Dietingen, Germany in 1998/99. The pre-
cecling crop was winter wheat. At the flowering stage (GS 65) the 
roots of untreatecl control plants exhibited a clisease index of 
2.44, whereas the value of l .50 measured in roots sampled from 
Latitude® treatecl plots was significantly different (Table 5). All 
other treatments where Latitude® seed treatment was combinecl 
with other fungicicles (e.g Arena c@, Abavit UF®) or insecticides 
(e.g. Fastac SC®, Decis®) resulted also in lower disease indices 
compared to the untreatecl control. However, the values were 
slightly higher, but not statistical different, comparecl to the Lat-
itude® single treatment. 
The combined treatments die! not affect emergence of 
seedlings, crop development ancl numbers of heacls per square 
Table 5. Effects of Latitude® seed treatments combined with other 
tungicides and (or) insecticides on take-all as well as number of 
heads and grain yield of winter wheat cv. 'Toronto' cultivated in 
naturally infested soil; field experiment in Dietingen (Germany) 
1998/1999. Disease index, disease incidence and number of 
wheat heads/m2 were evaluated at flowering stage (GS65). 
Tab. 5. Wirkung von Saatgutbehandlungen mit Latitude® in Kom-
bination mit anderen Fungiziden und (oder) Insektiziden auf Be-
fall mit Schwarzbeinigkeit, Ähren zahl und Kornertrag der Winter-
weizensorte 'Toronto' kultiviert in Boden mit natürlichem lnoku-
lum; Feldversuch in Dietingen (DeutscJ:lland) 1998/1999. Befall-
sindex, Befallshäufigkeit und Zahl der Ahren/m2 wurden im Ent-
wicklungsstadium „Blüte" (GS 65) ausgewertet. 
Rate Disease Disease Number of Grain yield 
Treatment (ml/100kg index incidence heads/m2 (kg/ha) 
seed) (%) 
untreated 0 2.44 100 985.0 8610 
Latitude® 200 1.50 97.0 952.3 9312 
Latitude® 200 1.81 98.9 975.0 9036 
Arena C 200 
Latitude® 200 1.99 98.6 927.8 9053 
Fastac SC 100 
Latitude® 200 1.96 100 1001.8 9109 
Decis 300 
Latitude® 200 1.75 95.6 981.5 9308 
ArenaC 200 
Fastac SC 100 
Latitude® 200 1.73 100 981.0 9221 
ArenaC 200 
Decis 300 
Latitude® 200 1.96 100 1024.3 9233 
Abavit UF 250 
LSD 0.73 9.40 143.33 644.78 
(p=0.05) 
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meter. The significant yield increase resulted from the lower 
take-all inclex in the Latitucle® seed treated variant. 
The combinecl treatment of Latitude® plus Arena C® ancl Fas-
tac SC® also increasecl significantly (p = 0.05) grain yielcl. In all 
other variants where Latitude® seecl treatment was combinecl 
with other compounds the grain yields were higher, but not sig-
nificantly different, compared to the untreatecl control. 
3.5 Efficacy of seed treatment with different amounts of 
Latitude® combined with the fungicide Arena ClY 
In a field trial at Dietingen, the effect of different concentrations 
of Latitude@ and Arena C® was studied. Increasing the closages of 
Latitude® from l 00 to 1600ml/100 kg seecl combined with Arena 
C® (each 200 ml/100 kg seed) showed no adverse effects on 
seeclling emergence and growth vigor ancl numbers of wheat 
heacls. Enhancecl amounts of Latitucte@ of 400-800 ml/100 kg 
seed only slightly improved take-all control compared to 200 ml 
Latitude®/100 kg seecl. Even at the highest concentration appliecl 
(1600 ml Latitude®/l 00 kg seecl) clisease control was not in-
creasecl further (Table 6). 
Table 6. Effects of seed treatment with Latitude® applied in dif-
ferent amounts combined with the fungicide Arena C® on take-all 
disease of winter wheat cv. 'Toronto' grown in naturally infested 
soil. Field trial in Dietingen (Germany) 1998/1999. Disease index, 
disease severity and disease incidence as well as the number of 
wheat heads / m2 were determined at flowering stage (GS 65). 
Tab. 6. Wirkung von Saatgutbehandlungen mit Latitude® in un-
terschiedlichen Aufwandmengen in Kombination mit dem Fungi-
zid Arena C® auf den Befall mit Schwarzbeinigkeit der Winterwei-
zensorte 'Toronto' kultiviert in Boden mit natürlichem lnokulum; 
Feldversuch in Dietingen (Deutschland) 19~.8/1999. Befallsindex, 
Befallsstärke und Befallshäufigkeit sowie Ahrenzahl/m2 wurden 
im Entwicklungsstadium „Blüte" 2 (GS 65) ausgewertet. 
Treatment Rate 
(ml/ 
100 kg 
seed) 
untreated 0 
ArenaC 200 
Latitude® 100 
ArenaC 200 
Latitude® 200 
ArenaC 200 
Latitude® 400 
ArenaC 200 
Latitude® 800 
ArenaC 200 
Latitude® 1600 
LSD 
(p=0.05) 
Discussion 
Disease Disease Disease Number Grain 
index severity incidence of yield 
2.47 2.47 
2.11 2.11 
1.69 1.69 
1.42 1.51 
1.32 1.32 
1.35 1.36 
0.91 0.90 
(%) heads/ (kg/ha) 
m2 
100 971.5 8229 
100 970.8 8539 
100 979.3 9060 
93.5 967.0 9001 
100 954.0 9515 
98.8 1029.3 9514 
5.33 118.37 1189.7 
This study shows that seecl treatment with Latitucte@ - a novel 
take-all controlling fungicide - had no adverse effects on popu-
lations of fluorescent pseudomonads naturally colonizing the rhi-
zosphere of wheat plants during the growing season. These pos-
itive effects of Latitude@ were ascertained in the spring wheat cv. 
'Nandu' in pot ancl field tests ancl in the winter wheat cv. 
Toronto' in field experiments. In general, the numbers of fluo-
rescent pseudomonads in the rhizosphere of plants growing in the 
field were lower compared to plants cultivated in the pots (Table 
1). This may probably be clue to a complex of interactions among 
soil type, soil conditions and microorganisms. 
On the basis of these favourable effects on the colonization of 
the rhizosphere by fluorescent pseudomonacls, the compound 
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Latitude® fulfills an essential requirement for controlling take-all 
following seed treatment. lt is very well established that 
Pseudomonas spp. are involved in suppression of take-all by ex-
erting several mechanisms. Fluorescent pseudomonads are able 
to colonize effectively plant roots, so they have been regarded as 
biocontrol agents (HOWELL and STIPANOVIC, 1980; KLOEPPER, 
1980). One mechanism by which rhizobacteria protecting roots 
against soil-bome pathogens is through competition for space 
and nutrients available in the rhizosphere (DE LEIJ et al., 1995). 
Fluorescent pseudomonads are also able to produce antibiotics 
possessing antifungal properties. lt has been shown that 
phloroglucinol producing strains of Pseudomonas fluorescens 
contributing significantly to the control of take-all (THOMASHOW 
et al., 1996; KEEL and DEFAGO, 1997). Production of hydrogen 
cyanide by fluorescent pseudomonads might also be involved in 
suppression of Ggt. Among the mechanisms which might further 
affect Ggt are the production of siderophores by fluorescent 
pseudomonads (WELLER, 1988). 
Take-all decline (TAD) is characterized by a reduction in dis-
ease and increase in yield with extended monoculture of wheat 
or barley. Generally, it has been assumed that TAD is based on 
microbial interactions between Ggt and specific root associated 
microorganisms. Among the numerous rhizosphere microorgan-
isms, the fluorescent pseudomonads may play an essential role in 
TAD (THOMASHOW and WELLER, 1988; RAAIJMAKERS et al., 
1997). 
Results from the present study clearly illustrate that seed 
treatment with Latitude® effectively controlled take-all disease in 
both outdoor pot and field trials. Treatments with Latitude® may 
delay symptoms onset by about 20-30 days. Disease assessments 
revealed that take-all development was reduced by Latitude® 
seed treatments also at later growth stages (e.g. GS65 and GS69) 
as compared to the not treated control plants. Furthermore, the 
disease control resulted in higher yields compared to the untreat-
ed control. These results are consistent with other reports 
(MIELKE, 1997, 1998; HEPPNER et al., 1999; BECKER and HEPP-
NER, 1998). BECKER and HEPPNER (1998) found that white heads 
in treatments with Mon65500 were reduced by 90 %, root infec-
tions were diminished by 60 % and significant higher yields were 
obtained in field trials where Ggt inoculum had been added. Seed 
treatment with Latitude® may be recommended in the second and 
third wheats to reduce disease severity and to stabilize grain 
yields. Also where continuous wheat is grown and take-all de-
cline is effective by natural biological control, seed treatment 
may be appropriate to act in combination with the antagonistic 
rhizosphere microorganisms in order to reduce disease and in-
crease yield. The results obtained showed that Latitude® seed 
treatment did not negatively affect development of fluorescent 
pseudomonads in the rhizosphere of wheat. The compound might 
also be applied to early sown wheat seeds to control take-all in 
the seedling stage. In our trials, yield increase was partly due to 
enhanced 1000-grain weights. This partial enhancement is in 
agreement with the results obtained by BECKER and HEPPNER 
(1998). 
In soil not infested with Ggt the root disease symptoms (e.g. 
disease index, disease severity and disease incidence) were 
markedly lower compared to roots of plants from untreated 
seeds, suggesting that Latitude® seed treatments improved root 
health. Our results also showed that at the recommended rate 
(200 ml/100 kg seed) seed treatment with Latitude® had no toxic 
or adverse effects on root and shoot growth of wheat plants. Even 
at 8 fold higher than the recommended amount of Latitude® no 
detrimental effects on seedling emergence, plant stands and crop 
vigor were found. This indicates that Latitude® possesses a high 
crop safety. A high effectiveness in disease reduction was found 
in the variant treated with 200 ml/l 00 kg seed, at increasing dos-
ages the disease was reduced at lower rates and between the vari-
ants treated with 800 and 1600 ml/ 100 kg seed no further disease 
reduction was observed. This positive relationship between the 
concentration of Latitude® applied and disease control also sug-
gests that the active ingredient shows direct antifungal activity. 
Studies of JOSEPH-HORNE et al. (2000) revealed that the primary 
mode of MON65500 (silthiofam) is the inhibition of the ATP ex-
port from the mitochondrial matrix to the cytosol, resulting in the 
disruption of extramitochondrial energy dependent processes. 
In addition to crop safety and effectiveness to take-all, Lati-
tude® also exerted a high compatibility with other fungicides 
( e.g. Arena C® and Abavit UF®) and insecticides ( e.g. Decis® and 
Fastac SC®) applied as mixtures to the seeds. Combinations of 
Latitude® with other fungicides and ( or) insecticides, only 
slightly decreased its activities on disease control and grain yield. 
These results are in agreement with those reported by BECKER 
and HEPPNER (1998). 
lt is assumed that in future crop rotations with second and third 
wheat crops will increase which will result in higher risks of take-
all. The application of this new fungicide represents a further 
means for take-all control in the concept of cereal diseases man-
agement (YARHAM, 1999). 
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